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
2UJDQLFDQGFRQYHQWLRQDOPLON±LQVLJKWRQSRWHQWLDOGLIIHUHQFHV

 ,QWURGXFWLRQ
7KH FRQVXPSWLRQ RI RUJDQLF IRRG LQFOXGLQJ IUXLWV YHJHWDEOHV FHUHDOV DQG DQLPDO RULJLQ
SURGXFWVVKRZHGDQLQFUHDVLQJWUHQGLQPDQ\PDUNHWVHVSHFLDOO\LQWKHGHYHORSHGFRXQWULHV
7KLV LV DVVRFLDWHGZLWK WKH IDFW WKDW FRQVXPHUVEHOLHYHRUJDQLF IRRGSURGXFWV DUHKHDOWKLHU
VDIHU DQG EHWWHU IRU WKH HQYLURQPHQW DQG DQLPDO ZHOIDUH WKDQ FRQYHQWLRQDO IRRG 7KLV
SHUFHSWLRQ MXVWLILHV WKHSUHPLXPSULFHIRURUJDQLF IRRGSURGXFWV $U\DOHWDO :LOOHU
DQG6FKDDFN2UJDQLFSULPDU\SURGXFWLRQLVGHILQHGDVDV\VWHPRIIDUPPDQDJHPHQW
DQGIRRGSURGXFWLRQWKDWFRPELQHVEHVWHQYLURQPHQWDOSUDFWLFHVDKLJKOHYHORIELRGLYHUVLW\
WKH VXVWDLQDEOH FXOWLYDWLRQ V\VWHPV WKH DSSOLFDWLRQ RI KLJK DQLPDOZHOIDUH VWDQGDUGV DQG D
SURGXFWLRQPHWKRG LQ OLQHZLWK WKH SUHIHUHQFH RI FHUWDLQ FRQVXPHUV IRU SURGXFWV SURGXFHG
XVLQJQDWXUDOVXEVWDQFHVDQGSURFHVVHV(86HUELD
2UJDQLFIRRGVRIDQLPDORULJLQDUHREWDLQHGGHULYHGIURPDQLPDOVZKLFKDUHIHGXVLQJRUJDQLF
IHHGWKHZKROH\HDUORQJ7KHRUJDQLFGDLU\IDUPLQJLVSHUFHLYHGWREHNLQGHUWRDQLPDOVDQG
HQYLURQPHQW ZLWKRXW WKH DSSOLFDWLRQ RI DQWLELRWLFV V\QWKHWLF JURZWK SURPRWHUV DQG RWKHU
V\QWKHWLFFKHPLFDOVGXULQJRUJDQLFPLONSURGXFWLRQ*DOJDQRHWDO6FKZHQGHOHWDO
 ,W LV LPSRUWDQW WR NHHS JRRG KHDOWK RI DQLPDOV DSSO\LQJ GLIIHUHQW SUHYHQWLYH DQG
QDWXUDOPHDQVRIGHIHQVHVXFKDVFKRRVLQJVXLWDEOHEUHHGVDQGUHDULQJSUDFWLFHV7KHXVDJHRI
LPPXQRORJLFDOYHWHULQDU\PHGLFLQDOSURGXFWVVXFKDVSK\WRWKHUDS\SURGXFWVRUKRPHRSDWKLF
SURGXFWVYDFFLQHVLVDOORZHG:LQWHUDQG'DYLV,WLVRIQRWHWKDW(8UXOHVDOORZXVDJH
RI V\QWKHWLF FKHPLFDO DOORSDWKLF PHGLFLQDO SURGXFWV LQFOXGLQJ DQWLELRWLFV XQGHU VWULFW
FRQGLWLRQVIRUWKHLPPHGLDWHWUHDWPHQWRIDQLOOQHVVDQGWRSUHYHQWWKHDQLPDOIURPVXIIHULQJ
,IWKLVLVDSSOLHGPRUHWKDQWKUHHWUHDWPHQWVSHU\HDUPLONGHULYHGIURPWKHVHDQLPDOVDUHQRW
WREHVROGDVRUJDQLF(&6FKZHQGHOHWDO7KHFDWWOHIHHGLQJV\VWHPPXVWEH
EDVHGRQPD[LPXPXVHRISDVWXUHDQGFDWWOHPXVWKDYHDFFHVVWRSDVWXUHZKHQHYHUSRVVLEOH
0LQLPDOO\RIGU\PDWWHURIIHHGLQJUDWLRQKDVWREHURXJKDJHIUHVKRUGULHGIRGGHURU
VLODJH(&,QRUJDQLFGDLU\IDUPLQJWKHXVDJHRIJHQHWLFDOO\PRGLILHGRUJDQLVPVDQG
WKHLU SURGXFWV DUH SURKLELWHG 3URGXFWV WKDW VKRXOG EH XVHG IRU FOHDQLQJ DQG GLVLQIHFWLRQ
VKRXOGKDYHPLQLPDOHIIHFW RQ WKH HQYLURQPHQW DQG GDLU\SURGXFWLRQ7R VHOO RUJDQLFPLON
DQGWRXVHWKHRUJDQLFORJRIDUPHUVPXVWEHFHUWLILHG(86HUELD
&RPSRVLWLRQRIERYLQHPLON LV LQIOXHQFHGE\PDQ\GLIIHUHQW IDFWRUVDQG LW LVGHSHQGHQWRQ
ERWKLQGLYLGXDODQLPDODQGHQYLURQPHQWVXFKDVIHHGEUHHGPDQDJHPHQWVHDVRQHWF0DQ\
GLIIHUHQW VWXGLHV KDYH EHHQ LQYHVWLJDWLQJ LI WKHUH LV D GLIIHUHQFH LQ PLON FRPSRVLWLRQ DQG
TXDOLW\ EHWZHHQ RUJDQLF DQG FRQYHQWLRQDO IDUPLQJ ýXERĖ HW DO  (OOLV HW DO 
0XOOHQHWDO0OOHUDQG6DXHUZHLQ=DJRUVNDDQG&LSURYLFD=ZDOGHWDO
1HYHUWKHOHVVWKHUHLVQRFOHDUFRQFOXVLRQVWKDWFDQEHPDGH6FKZHQGHOHWDO
7KHDLPRIWKLVVWXG\ZDVWRLQYHVWLJDWHLIWKHUHLVDGLIIHUHQFHLQK\JLHQHSDUDPHWHUVRIUDZ
PLONSURGXFHG LQRUJDQLF DQG FRQYHQWLRQDO IDUPRI VLPLODU VL]H$GGLWLRQDOO\ZHDLPHG WR
GHWHUPLQH LI WKHUH DUH GLIIHUHQFHV LQ SDVWHXUL]HG RUJDQLF DQG FRQYHQWLRQDO PLON VDPSOHV
GHOLYHUHGWRWKHPDUNHW
 0DWHULDODQGPHWKRGV
5DZPLONVDPSOHV
5DZPLONVDPSOHVZHUHDQDO\VHGDWWKHUHFHSWLRQRIGDLU\SODQW7KHVWXG\LQYROYHGVDPSOHV
RIUDZPLONIURPRQHFHUWLILHGIDUPSURGXFLQJRUJDQLFPLON250±RUJDQLFUDZPLONDQG


WZR IDUPVSURGXFLQJRQO\ FRQYHQWLRQDOPLON &50± FRQYHQWLRQDO UDZPLON7KHRUJDQLF
KHUGVL]HZDV+ROVWHLQDQG%URZQ6ZLVVFRZVZKLOHKHUGVL]HZDVDQG+ROVWHLQ
FRZVIRUWKHWZRFRQYHQWLRQDOKHUGV0HDQPLON\LHOGSHUFRZZDVNJIRUWKHRUJDQLF
KHUGV DQG PHDQ PLON \LHOG SHU FRZ ZDV  NJ LQ WKH UDQJH ± IRU WZR
FRQYHQWLRQDOKHUGV$WRWDOQXPEHURIVDPSOHVZHUHFROOHFWHGRQDGDLO\EDVLVGXULQJ
WKH\HDUZLWKVDPSOHVRIUDZPLONIURPRUJDQLFIDUPDQGVDPSOHVRIUDZPLON
IURPWZRFRQYHQWLRQDOIDUPV7KHVHVDPSOHVZHUHDQDO\VHGIRUDHURELFFRORQ\FRXQW$&&
VRPDWLFFHOOFRXQW6&&DFLGLW\WHPSHUDWXUHIDWDQGSURWHLQFRQWHQW
6DPSOHVRIUDZPLONZHUHDQDO\]HGZLWKLQWKHSODQWODERUDWRU\IRUWKHDHURELFFRORQ\FRXQW
$&& XVLQJ WKH VWDQGDUG ,627KH UHVXOWV REWDLQHG IRU$&& LQ UDZPLONZHUH
H[SUHVVHGDVORJ&)8PO6RPDWLFFHOOFRXQWZDVGHWHUPLQHGXVLQJ)RVVRPDWLF0LQRU)RVV
'HQPDUN 7KH 6&&ZDV FDOFXODWHG XVLQJ WKH IRUPXOD ORJ6&& WR REWDLQ WKH
ORJDULWKPLFYDOXHVLQOLQHDUVFRUH0XOOHQHWDO5DGRVWLWVHWDO7KHDFLGLW\RI
PLONZDVDQDO\VHGE\ WLWUDWDEOHPHWKRGDQGH[SUHVVHGLQ6R[OHW+HQNHOGHJUHHV 6+7KH
PLONIDWFRQWHQWRIOLTXLGPLONVZDVGHWHUPLQHGDFFRUGLQJWRWKH*HUEHUPHWKRG,')
7KH SURWHLQV ZHUH DQDO\]HG E\ WKH .MHOGDKO PHWKRG ,62  7KH VLJQLILFDQFH RI
GLIIHUHQFHEHWZHHQPHDQVZDVDQDO\VHGXVLQJWWHVW0LFURVRIW([FHO
3DVWHXUL]HGPLONVDPSOHV
6DPSOHVRIRUJDQLFDQGFRQYHQWLRQDOSDVWHXUL]HGPLONZLWKGHFODUHGPLONIDW&30DQG
230UHVSHFWLYHO\ZHUHERXJKWIURPWKHPDUNHW LQ1RYHPEHU7KHGDLU\IDFWRU\WKDW
ZDV LQYROYHG LQ ILUVW SDUW RI WKLV VWXG\ZDV WKHSURGXFHU RI ERWK W\SHV RI SDVWHXUL]HGPLON
VDPSOHV,QWRWDOWKUHHVDPSOHVRI&30DQGWKUHHVDPSOHVRI230ZHUHUDQGRPO\WDNHQIURP
WKH PDUNHW DQG DQDO\VHV ZHUH SHUIRUPHG LQ GXSOLFDWH 7KHVH VDPSOHV ZHUH DQDO\VHG IRU
5DPDQVSHFWURVFRS\FRORXUFKDQJHDQGVHQVRULDODQDO\VLV
5DPDQVSHFWURVFRS\DQDO\VLV
5DPDQVSHFWUDRI230DQG&30VDPSOHVZHUHFROOHFWHGE\5DPDQPLFURVFRSH+25,%$
-RELQ <YRQ ;SORUD +25,%$ -RELQ <YRQ 6$6 9LOOHQHXYHG
$VFT )UDQFH ([FLWDWLRQ
OLJKWRIWKHODVHUQPZDVIRFXVHGWKURXJKWKH[REMHFWLYHDQGWKHVFDWWHUHGOLJKWZDV
GHWHFWHGZLWKWKHUPRHOHFWULFDOO\FRROHG&&'GHYLFH6\QFHULW\+25,%$6FLHQWLILF(GLVRQ
1HZ-HUVH\86$RSHUDWLQJDW&)LIW\VSHFWUDLQWKH±FP5DPDQVKLIWUDQJH
ZHUHDFTXLUHG IRUHDFK VDPSOH LQRUGHU WRFDSWXUHYDULDWLRQGXH WRSRWHQWLDOPLFURGRPDLQ
LQKRPRJHQHLW\ $FTXLVLWLRQ WLPH IRU HDFK VSHFWUXP ZDV V $OO PHDVXUHPHQWV ZHUH
FRQGXFWHGDWURRPWHPSHUDWXUH7KH5DPDQV\VWHPZDVRSHUDWHGXVLQJ/DE6SHFVRIWZDUH
+RULED6FLHQWLILF9LOOHQHXYHG
$VFT)UDQFH
&ROOHFWHG 5DPDQ VSHFWUD ZHUH SUHSURFHVVHG SULRU WR FRPSDULVRQ )LUVW WKH FRVPLF VSLNHV
ZHUHUHPRYHGZLWKWKHGHGLFDWHGIHDWXUHLQWKH/DE6SHFVRIWZDUH7RFDQFHORXWYDULDWLRQV
EHWZHHQ WKH LQGLYLGXDO VSHFWUD WKH EDFNJURXQG GXH WR IOXRUHVFHQFH RI WKH VDPSOH RU
IOXFWXDWLRQRI WKH WHPSHUDWXUHRQ WKH&&'ZDVUHPRYHGHPSOR\LQJDPHWKRGEDVHGRQ WKH
61,3 FOLSSLQJ DOJRULWKP 0RUKiþ HW DO  DQG WKHQ WKH VSHFWUD ZHUH QRUPDOLVHG
)ROORZLQJWKDWWKHVSHFWUDOUHJLRQVWRFPDQGWRFPZHUHFXW)LQDOO\
LQRUGHUWRLQYHVWLJDWHWKHGLIIHUHQFHVEHWZHHQWKHPLONVDPSOHVPHDQVSHFWUDZHUHFRPSDUHG
E\ FDOFXODWLQJ GLIIHUHQFH VSHFWUXP 7KH VWDWLVWLFDO WUHDWPHQW RI WKH GDWD H[FHSW IRU FRVPLF
VSLNH UHPRYDOZDVFRQGXFWHG LQ5 VWDWLVWLFDO VRIWZDUH 5'HYHORSPHQW&RUH7HDP
HPSOR\LQJ³K\SHU6SHF´SDFNDJH%HOHLWHVDQG6HUJR


'HWHUPLQDWLRQRIFRORUE\&RPSXWHUYLVLRQV\VWHP&96
9LVXDO FRORU RI VDPSOHVZDVPHDVXUHG EDVHG RQ +XQWHU FRORU SDUDPHWHUV / D DQG E
XVLQJ&96$ GLJLWDO FDPHUD IHDWXULQJ D 0HJDSL[HO&&' VHQVRUZDV XVHG IRU LPDJH
DFTXLVLWLRQ7KHFDPHUDZDVORFDWHGYHUWLFDOO\DWDGLVWDQFHRIFPIURPWKHVDPSOH7KH
FDPHUD VHWWLQJZDV WKH IROORZLQJ VKXWWHU VSHHG VPDQXDO RSHUDWLRQPRGH DSHUWXUH$Y
) ,62 YHORFLW\  IODVK RII IRFDO GLVWDQFH PP OHQV '76PP I 
/LJKWLQJ ZDV DFKLHYHG ZLWK IRXU IOXRUHVFHQW ODPSV 7KH FDPHUD ZDV FDOLEUDWHG ZLWK D 
FRORU FKDUW ;5LWH &RORUFKHFNHU WKH &&' VHQVRU ZDV DGMXVWHG XVLQJ WKH VWDQGDUG FRORXU
UHQGLWLRQFKDUW&RORUFKHFNHU3DVVSRUW0LFKLJDQ86$
7KH&RORUFKHFNHUZDVSKRWRJUDSKHGXVLQJWKHLPSOHPHQWHG&96WRREWDLQWKHLQSXWGHYLFH
5*%VLJQDOVLQWKHWKHRUHWLFDOUDQJHRI±WKH5*%YDOXHVDUHH[SUHVVHGDVV5*%'
DQG &,( /DE '  REVHUYHU 7KH PRQLWRU ZLWK D V5*% JDPXW 6WDQGDUG 5*% ZDV
FDOLEUDWHG ZLWK ;5LWH L 'LVSOD\ 3UR GHYLFH E\ VHOHFWLQJ ZKLWH FKURPDWLFLW\ DW  .
LOOXPLQDQW' JDPPDDW DQGZKLWH OXPLQDQFH DW  FGPDQG WKH L3URILOHU 
VRIWZDUHZDVXVHGWRFUHDWHWKH,&&PRQLWRUSURILOH:HHPSOR\HGWKH$GREH3KRWRVKRS&&
ELWVRIWZDUHIRULPDJHDQDO\VLV7KH/DDQGEYDOXHVZHUHPHDVXUHGRQWKHGLJLWDO
LPDJHRIWKHVDPSOHYLVXDOL]HGRQWKHPRQLWRUE\SRLQWLQJWKHFXUVRUDWWKHFHQWUHRIWKHDUHD
[SL[HOVWREHHYDOXDWHGE\FOLFNLQJRQLW7KH/DDQGEYDOXHVIURP5*%LPDJHV
ZHUHPHDVXUHGIURP5$:SKRWRJUDSKV
6HQVRULDODQDO\VLV
$ WRWDORIDVVHVVRUV PDOHDQGIHPDOHSDUWLFLSDWHG LQ WKH WULDQJOH WHVW IRURUJDQLF
DQGFRQYHQWLRQDOSDVWHXUL]HGPLONVDPSOHV)RURQHSDUWLFLSDQWWKHRGGSURGXFWZDVWKHVDPH
IRU WKH WZR UHSOLFDWLRQV EXW WKH VL[ WULDGV $$%$%$%$$%%$$%%DQG%$%ZHUH
FRXQWHUEDODQFHG RYHU SDUWLFLSDQWV DW HDFK UHSOLFDWLRQ ,62  6DXYDJHRW HW DO 
7HVWVZHUHFDUULHGLQWKH/DERUDWRU\IRU6HQVRU\DQDO\VLV)DFXOW\RI$JULFXOWXUH8QLYHUVLW\
RI%HOJUDGH LQGDUNHQHG FRQGLWLRQV6DPSOHVZHUHSUHVHQWHG LQZKLWHSODVWLF FXSVDQG
P/ RI VDPSOHV ZHUH SUHVHQWHG LQ  P/ FXSV &RROLQJ WHPSHUDWXUH RI PLON ZDV R&
6DPSOHVZHUHVHUYHGLPPHGLDWHO\DIWHURSHQLQJ
,QVWUXFWLRQV WR WKH SDUWLFLSDQWV LQFOXGHG L D SUHVHQWDWLRQ RI WKH WDVN LL WKH REOLJDWLRQ WR
HYDOXDWH WKH VDPSOHV LQ WKH LPSRVHG RUGHU LLL WKH REOLJDWLRQ WR JLYH D UHVSRQVH LY WKH
SRVVLELOLW\WRJLYHWKHLURSLQLRQRIWKHGHJUHHRIGLIIHUHQFHEHWZHHQWKHVDPSOHWKH\FKRVHDQG
WKH RWKHUV E\ FLUFOLQJ RQH RI WKH IROORZLQJ GHVFULSWRUV ZKLFK PRVW FORVHO\ GHVFULEHV WKH
LQWHQVLW\ RI GLIIHUHQFH ³´   QRQH ³´ ± YHU\ VOLJKW ³´ ± VOLJKW ³´ ±PRGHUDWH ³´ ±
ODUJH³´±H[WUHPH
)RUWKHVLPLODULW\WHVWWKHSHUFHQWFRUUHFWDERYHFKDQFHV\PEROL]HGE\SGZDVIL[HGDW
:KHQGDWDDUHDQDO\]HGE\UHSOLFDWLRQWKHFULWLFDOQXPEHURIFRUUHFWUHVSRQVHVWRUHMHFWQXOO
K\SRWKHVLVDWĮ ZDVREWDLQHGIURPWKHELQRPLDOGLVWULEXWLRQ6DXYDJHRWHWDO
 5HVXOWVDQGGLVFXVVLRQ
5DZPLONTXDOLW\
7KHUHVXOWVREWDLQHGIRUUDZPLONSURGXFHGLQRQHRUJDQLFDQGWZRFRQYHQWLRQDOIDUPVZHUH
SUHVHQWHGLQ7DEOH5DZPLONVDPSOHVREWDLQHGIURPFRQYHQWLRQDOIDUPVZHUHVLJQLILFDQWO\
ORZHULQIDWFRQWHQWWKDQVDPSOHVIURPRUJDQLFIDUPV37KHSRVVLEOHUHDVRQFDQEH
IRXQGLQWKHGLHWFRPSRVLWLRQLQWZRIDUPLQJV\VWHP'LHWDWWKHFRQYHQWLRQDOIDUPVFRQVLVWV
RI WKH JUHDWHU SHUFHQWDJH RI FRQFHQWUDWHV ZKLFK LV DVVRFLDWHGZLWK WKH GHFOLQH LQ PLON IDW
FRQFHQWUDWLRQ5RVDWLDQG$XPDLWUHZ$GGLWLRQDOO\WKHJUHDWHUIDWFRQWHQWLQRUJDQLF


IDUPV FRXOGEH UHODWHG WR WKH IDFW WKDW RUJDQLFKHUG FRQVLVWHGRI+ROVWHLQ DQGQRQ+ROVWHLQ
EUHHGV%URZQ6ZLVVZKHUHDVFRQYHQWLRQDOKHUGVKDGPDLQO\+ROVWHLQEUHHGV1DXWDHWDO
 2XU UHVXOWV DUH LQ OLQHZLWK WKRVH SUHVHQWHG E\ =DJRUVND DQG &LSURYLFD  IRU
RUJDQLF DQG FRQYHQWLRQDO PLON VDPSOHV REWDLQHG LQ /DWYLD 1HYHUWKHOHVV 0OOHU DQG
6DXHUZHLQDQG.XF]\ĔVNDHWDOUHSRUWHGWKDWWKDWWKHUHLVQRGLIIHUHQFHLQIDW
FRQWHQW UHODWHG WR RUJDQLF RU FRQYHQWLRQDO SURGXFWLRQ V\VWHP LQ *HUPDQ\ DQG 3RODQG
UHVSHFWLYHO\
$OWKRXJKRXU UHVXOWV LQGLFDWHG WKDW UDZPLON VDPSOHVSURGXFHG LQRUJDQLF IDUPKDGJUHDWHU
SHUFHQWDJHRISURWHLQFRPSDUHGWRPLONSURGXFHGLQFRQYHQWLRQDOIDUPVWKLVGLIIHUHQFHZDV
QRWVWDWLVWLFDOO\VLJQLILFDQW36HYHUDOVWXGLHVUHSRUWHGWKDW WKHUHLVQRGLIIHUHQFHLQ
SURWHLQ FRPSRVLWLRQ EHWZHHQ RUJDQLF DQG FRQYHQWLRQDO UDZ PLON VDPSOHV 0OOHU DQG
6DXHUZHLQ  7ROHGR HW DO  DOWKRXJK RWKHU VWXGLHV VKRZHG YDULDEOH UHVXOWV
*DOJDQRHWDO6FKZHQGHOHWDO&RPSRVLWLRQRIPLONLQFOXGLQJIDWDQGSURWHLQ
FRQWHQW LV YHU\ GHSHQGHQW RQ WKH FRZGLHW FRPSRVLWLRQ EUHHG LQGLYLGXDO DQLPDO JHQHWLFV
PDQDJHPHQW VWDJH RI ODFWDWLRQ DQG VHDVRQ &RSSD HW DO  /DUVHQ HW DO  DQG
WKHUHIRUHLWLVGLIILFXOWWRFRQFOXGHWKDWREWDLQHGGLIIHUHQFHVLQPLONFRPSRVLWLRQDUHDWWULEXWHG
WRWKHIDUPLQJV\VWHPDORQH
7KH VRPDWLF FHOO FRXQW 6&& LQPLON SUHVHQWV DQ LPSRUWDQW LQGLFDWRU IRU WKH XGGHU KHDOWK
7KH WKHUDS\ WR WUHDW PDVWLWLV XVXDOO\ LQFOXGHV D ODUJH SURSRUWLRQ RI DQWLELRWLF GUXJV LQ
FRQYHQWLRQDOIDUPVZKLOHRUJDQLFSURGXFWLRQVKRXOGUHGXFHWKHXVDJHRIDQWLELRWLFV,W LVRI
QRWH WKDW WKH VSHFLILF UXOHV DQG UHJXODWLRQV RQ RUJDQLF IDUPLQJ GLIIHU DPRQJ FRXQWULHV
6FKZHQGHOHWDO'XHWRUHVWULFWLRQVWKDW WKHRUJDQLFVWDQGDUGVLPSRVHRQWUHDWPHQW
RSWLRQVIRUGLVHDVHGDQLPDOVRUJDQLFIDUPVQHHGWRSXWPRUHHPSKDVLVRQSUHYHQWLRQUDWKHU
WKDQ WUHDWPHQW RI GLVHDVHV 7R DFFRXQW IRU OLPLWHG XVDJH RI DQWLELRWLFV RUJDQLF SURGXFWLRQ
VKRXOGLQFOXGHDQLPDORSWLPDOFDUHDGHTXDWHIHHGDQGKRXVLQJWRNHHSDQLPDOVKHDOWK\2XU
UHVXOWV LQGLFDWHG WKDW 6&& ZDV VLJQLILFDQWO\ ORZHU LQ WKH UDZ PLON VDPSOHV SURGXFHG LQ
RUJDQLFIDUPFRPSDUHGWRFRQYHQWLRQDOIDUPV7DEOH3,QRUJDQLFKHUGVWKHPLON
\LHOGZDVORZHUFRPSDUHGWRFRQYHQWLRQDOKHUGVZKLFKPLJKWH[SODLQREWDLQHGGLIIHUHQFHVLQ
6&& %XVDWR HW DO  2WKHU SRVVLEOH UHDVRQ FRXOG EH UHODWHG WR IHHGLQJ SUDFWLFHV
GLIIHUHQWDWWLWXGHDQGGLVHDVHPDQDJHPHQW6XQGUXP6LPLODUUHVXOWVWRWKRVHREWDLQHG
LQ WKLV VWXG\ ZHUH DOVR UHSRUWHG LQ 6ZHGHQ +DPLOWRQ HW DO  7ROHGR HW DO 
1RUZD\*DUPRHWDODQG6ORYDNLDýXERĖHWDO:LWKLQWKHFXUUHQW(XURSHDQ
DQG6HUELDQOHJLVODWLRQRUJDQLFIDUPHUVFDQVWLOOPDQDJHPDVWLWLVGXHWRWKHIDFWWKDWFRZVFDQ
UHFHLYH WZR FRQYHQWLRQDO WUHDWPHQWV SHU \HDU DQG WKH WUHDWPHQW RI D GLVHDVH HSLVRGH RI
PDVWLWLVLVVHHQDVRQHWUHDWPHQWSURFHGXUH(8
7KHDSSOLFDWLRQRIJRRGK\JLHQHSUDFWLFHVLVUHTXLUHGDWERWKIDUPLQJV\VWHPV1HYHUWKHOHVV
RXU UHVXOWV LQGLFDWHG WKDW SDUDPHWHUV VXFK DV DFLGLW\ RI PLON RU ³IUHVKQHVV´ LQGLFDWRU
WHPSHUDWXUHDQG$&&IRUUDZRUJDQLFPLONZHUHVLJQLILFDQWO\GLIIHUHQWIURPWKRVHREWDLQHG
IRUFRQYHQWLRQDOPLONVDPSOHV3$OWKRXJKWKHWHPSHUDWXUHRIERWKFRQYHQWLRQDODQG
RUJDQLF UDZPLON VDPSOHVDUH LQ OLQHZLWK WKHFXUUHQW OHJLVODWLRQ (86HUELD 
VLJQLILFDQWO\ORZHUWHPSHUDWXUHDWWKHPLONGHOLYHU\ZDVVHHQIRURUJDQLFPLONVDPSOHV&
FRPSDUHG WRFRQYHQWLRQDOPLONVDPSOHV!&$GGLWLRQDOO\$&&IRU250VDPSOHVZHUH
ORZHU IRU DSSUR[  ORJ &)8PO FRPSDUHG WR &50 VDPSOHV 7KLV LV UHODWHG WR WKH ORZHU
WHPSHUDWXUH WKDW ZDV REVHUYHG IRU 250 VDPSOHV DV WKH EDFWHULDO FRXQW LQ EXON PLON LV
DIIHFWHG E\ WKH WHPSHUDWXUH 2¶&RQQHOO HW DO  $GGLWLRQDOO\ WKH GLIIHUHQFH PLJKW
LQGLFDWH EHWWHU K\JLHQLF FRQGLWLRQV GXULQJPLONLQJ LQ RUJDQLF IDUP DV$&& LV D SDUDPHWHU
XVXDOO\DVVRFLDWHGZLWKGLUHFWFRQWDPLQDWLRQLQWKHGDLU\IDUPHQYLURQPHQWVXFKDVDLUVRLO
ZRUNHUVK\JLHQHIHDFHVJUDVVDQGH[FUHWLRQIURPWKHXGGHURIDQLQIHFWHGDQLPDO$QJXORHW
DO  (OPRVOHPDQ\ HW DO  0XUSK\ DQG %RRU  2WKHU SRLQWV ZKHUH


FRQWDPLQDWLRQRIUDZPLONPD\RFFXUDUHVWRUDJHHTXLSPHQWLQWKHIDUPGXULQJWUDQVSRUWDWLRQ
DQGDWDGDLU\SODQWOHYHO0LOORJRHWDO
7KHSRVVLEOHH[SODQDWLRQIRUWKHVHGLIIHUHQFHVPLJKWEHIRXQGLQWKHIDFWWKDWVHOHFWHGRUJDQLF
IDUPZDVPRUHIUHTXHQWO\DXGLWHGE\FHUWLILFDWLRQERG\DQGGDLU\IDFWRU\LWVHOI,WLVRIQRWH
WKDWWKLVIDUPLV WKHRQO\FHUWLILHGRUJDQLFIDUPLQWKH5HSXEOLFRI6HUELDDQGFRQVHTXHQWO\
PRUH DWWHQWLRQ LV SDLG IURP ERWK IDUP RZQHU DQG RWKHU VWDNHKROGHUV WR NHHS DOO K\JLHQH
SDUDPHWHUVDWWKHKLJKHVWOHYHOSRVVLEOH
3DVWHXUL]HGPLONTXDOLW\
0DQ\ FRQYHQWLRQDO IDUPV RI GLIIHUHQW VL]HV GHOLYHU UDZ PLON WR GDLU\ IDFWRU\ WKDW ZDV
LQYROYHGLQWKLVVWXG\$OOFRQYHQWLRQDOUDZPLONGHOLYHULHVDUHSRROHGWRJHWKHUDQGSURFHVVHG
LQWRGLIIHUHQWGDLU\SURGXFWV LQFOXGLQJSDVWHXUL]HGPLON$VDOUHDG\PHQWLRQHG LQ5HSXEOLF
RI6HUELD FXUUHQWO\ RQO\ RQH IDUP LV SURGXFLQJPLONDFFRUGLQJ WRRUJDQLF SURGXFWLRQ UXOHV
DQG WKHUHIRUH DOO PLON FROOHFWHG IURP WKLV IDUP LV XVHG IRU IXUWKHU SURFHVVLQJ LQWR RUJDQLF
GDLU\SURGXFWV
$ORQJZLWK WKH GLIIHUHQFHV WKDWPLJKW EH VHHQ LQ WKH UDZPLON TXDOLW\ DPRQJ RUJDQLF DQG
FRQYHQWLRQDOPLONVDPSOHVPRUHLPSRUWDQWLVWRGHWHUPLQHLIWKHUHDUHVRPHGLIIHUHQFHVLQWKH
ILQDOSURGXFWWKDWLVDYDLODEOHRQWKHPDUNHW$VSDVWHXUL]HGPLONLVRQHRIWKHPRVWLPSRUWDQW
DQGPRVWRIWHQFRQVXPHGGDLU\SURGXFWV LWZDVVHOHFWHGDVDSURGXFW WRGHWHUPLQHSRVVLEOH
GLIIHUHQFHVDPRQJFRQYHQWLRQDODQGRUJDQLF IDUPLQJSUDFWLFHV ,Q D VHOHFWHGPRPHQW WKUHH
SDVWHXUL]HG PLON VDPSOHV IURP FRQYHQWLRQDO DQG WKUHH SDVWHXUL]HG PLON VDPSOHV RUJDQLF
IDUPV ZHUH FROOHFWHG IURP UHWDLO DQG DQDO\]HG $OO SDVWHXUL]HG PLON VDPSOHV KDG WRWDO
EDFWHULDOFRXQWRIORJ&)8PO6PLJLFHWDO7KHVWXG\LQYROYHGDQDO\VLV5DPDQ
VSHFWURVFRS\FRORUDQGVHQVRULDODQDO\VLV

 5DPDQVSHFWURVFRS\
0HDQVSHFWUDRI230DQG&30SDVWHXUL]HGPLONVDPSOHVDVZHOODVWKHGLIIHUHQFHVSHFWUXP
230&30DUHVKRZQLQ(UURU5HIHUHQFHVRXUFHQRWIRXQG7KH5DPDQVSHFWUDRIERWK
RUJDQLF DQG FRQYHQWLRQDO PLON FRPSULVH RI EDQGV SRVLWLRQHG DW  FPí  FP
FPí  FPí  FPí  FPí  FP  FPí LQ ORZ ZDYHQXPEHU
ZLQGRZ DQG DW  FP  FP  FP LQ KLJKZDYHQXPEHUZLQGRZ 7KH SHDNV
REVHUYHGLQWKH5DPDQVSHFWUDRIPLONVDPSOHVEHORQJSUHGRPLQDQWO\WRWKHOLSLGPROHFXOHV
%DQGVDW FPí  FP FPí VKRXOGHU DW  FPí  WKHSURPLQHQW SHDN DW
FPíDQGWKHRQHDWFPDULVHIURP& 2VWUHWFKLQJYLEUDWLRQRIFDUER[\OJURXS
& & FLV GRXEOHERQG VWUHWFKLQJ YLEUDWLRQ RI 5+& &+5 &±+ VFLVVRULQJ RI ±&+ &±+
WZLVWLQJ RI WKH ±&+ JURXS EHQGLQJ DW WKH FLV GRXEOH ERQG LQ 5±+& &+±5 DQG &&
VWUHWFKLQJUHVSHFWLYHO\(O$EDVV\HWDO*DOOLHUHWDO,QWKHKLJKZDYHQXPEHU
UHJLRQ WKH SHDNV DW  FP  FP DQG  FPí DUH DWWULEXWHG WR &+ DQG &+
V\PPHWULFDQGDQWLV\PPHWULFVWUHWFKLQJ*DOOLHUHWDO$GGLWLRQDOO\FDURWHQRLGSHDN
FDQ EH REVHUYHG DW  FP 0LQRU EDQG DW  FP FRPHV IURP SKHQ\ODODQLQH ULQJ
EUHDWKLQJPRGH±EDQGDWWULEXWHGWRSURWHLQV6RFUDWHV
6LPSOHYLVXDOFRPSDULVRQRI WKHPHDQ5DPDQVSHFWUDJLYHVVXIILFLHQWHYLGHQFHWKDW WKHWZR
VSHFWUDDUHDOPRVWLGHQWLFDO0RUHRYHUWKHGLIIHUHQFHVSHFWUXPYHULILHVVXFKDVVHUWLRQVLQFH
WKH VXEWUDFWLRQRI WZRVSHFWUDZRXOGFHUWDLQO\KLJKOLJKW YDULDWLRQV LQ WKH UHODWLYH LQWHQVLWLHV
EHWZHHQ WKHP (YHQ WKRXJK QR SURPLQHQW GLIIHUHQFH IHDWXUHV KDYH EHHQ IRXQG ORZHU
ZDYHQXPEHU UHJLRQ ORRNV ³IODWWHU´ WKDQ WKH KLJKHU EXW WKLV FRPHV IURPPRUH SURQRXQFHG
VSHFWUDOQRLVHIURPWRFPZKLFKLQWXUQJLYHVQRLVLHUKLJKHUZDYHQXPEHUUHJLRQ


 &RORUFKDQJH
,QVWUXPHQWDO FRORU GLIIHUHQFHV ZHUH REVHUYHG EHWZHHQ 230 DQG &30 VDPSOHV $OO
SDVWHXUL]HGPLONVDPSOHVRULJLQDWLQJIURPRUJDQLF IDUPKDGDVLJQLILFDQWO\KLJKHU/YDOXH
 WKDQ WKRVH VDPSOHV IURP FRQYHQWLRQDO IDUPV  LQGLFDWLQJ WKDW 230 LVPRUH
ZKLWHFRPSDUHGWR&30VDPSOHV7KLVZDVXQH[SHFWHGGXHWRWKHIDFWWKDWFRORURIPLONIURP
FRZVIHGVLODJHDQGJUDLQFRQYHQWLRQDOGLHWVHHPVWREHZKLWHUFRPSDUHGWRFRZVIHGZLWK
JUHHQ SDVWXUH RUJDQLF GLHW 6RODK HW DO  2Q WKH RWKHU VLGH &DPSEHOO HW DO 
UHSRUWHGWKDWPLONIRUWLILHGZLWK&RQMXJDWHG/LQROHLF$FLGZDVOHVVZKLWHWKDQW\SLFDOPLONRI
WKHVDPHIDWFRQFHQWUDWLRQ7KH\KDYHH[SODLQHGWKLVE\WKHIDFWWKDWIRUWLILHGPLONLVKLJKLQ
XQVDWXUDWHGERQGVZKLOH W\SLFDOPLON LVQDWXUDOO\ ULFK LQ VDWXUDWHGIDWZKLFK LV UHVSRQVLEOH
IRUWKHZKLWHUDSSHDUDQFH7KHUHIRUHWKHZKLWHUFRORURI230LQWKLVVWXG\PLJKWEHUHODWHG
WRKLJKHUSHUFHQWDJHRIVDWXUDWHGIDWW\DFLGVGDWDQRWVKRZQFRPSDUHGWR&302XUUHVXOWV
LQGLFDWHGQRGLIIHUHQFHDPRQJ230DQG&30VDPSOHVUHJDUGLQJEDQGDYDOXHV
 6HQVRULDODQDO\VLV
$ VLPLODULW\ WHVW LV XVHG ZKHQ WKH LQWHUHVW LV WR GHPRQVWUDWH WKDW WKH WHVW VDPSOHV DUH
LQGLVWLQJXLVKDEOH ,WVREMHFWLYH LV WRGHWHUPLQH WKDWQRSHUFHLYDEOHGLIIHUHQFHH[LVWVEHWZHHQ
WZRVDPSOHV,62$OOWRJHWKHUWKHUHVSRQVHVOHGWRFRUUHFWDQVZHUVLQ
ILUVW UHSOLFDWLRQ DQG  LQ WKH VHFRQG UHSOLFDWLRQ $FFRUGLQJ WR WKH UHVXOWV ZLWK 
FRQILGHQFHQRPRUHWKDQRI WKHSRSXODWLRQLVDEOH WRGHWHFWDGLIIHUHQFH$YHUDJHUDQN
IRU FRUUHFW DQVZHUV ZDV  ZLWK QR VWDWLVWLFDOO\ VLJQLILFDQW GLIIHUHQFH EHWZHHQ
FRUUHFW  LQFRUUHFW DQVZHUV 37R DFFRXQW IRU REYLRXV FRORU GLIIHUHQFHDPRQJ WZR
PLONW\SHVDVDOVRFRQILUPHGE\FRORUDQDO\VLVZKLFKFRXOGUHVXOWV LQ LQFRUUHFWUHVXOWV WKH
VHQVRULDODQDO\VLVZDVSHUIRUPHGLQGDUNHQHGFRQGLWLRQV
 &RQFOXVLRQ
7KH UHVXOWV REVHUYHG LQ WKLV VWXG\ LQGLFDWHG WKDW WKHUH DUH VRPH GLIIHUHQFHV LQ UDZ PLON
VDPSOHVWKDWKDYHRULJLQDWHGIURPRUJDQLFRUFRQYHQWLRQDOIDUPPDLQO\UHODWHGWRIDWFRQWHQW
6&&DFLGLW\ WHPSHUDWXUHDQG$&&7KHSRVVLEOHH[SODQDWLRQIRUGHWHUPLQHGGLIIHUHQFHVLQ
DFLGLW\ WHPSHUDWXUH DQG $&& LV UHODWHG WR K\JLHQLF FRQGLWLRQV GXULQJ PLONLQJ LQ RUJDQLF
IDUP DV WKLV IDUP LV PRUH IUHTXHQWO\ FRQWUROOHG DQG DXGLWHG E\ ERWK RUJDQLF FHUWLILFDWLRQ
ERGLHV DQG GDLU\ FRPSDQLHV LWVHOI $GGLWLRQDOO\ WKHUH KDYH EHHQ VRPH GLIIHUHQFHV LQ WKH
SDVWHXUL]HGPLONVDPSOHVPDLQO\LQWKHFRORURIPLON


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$QJXOR)-/H-HXQH-7DQG5DMDOD6FKXOW]3-8QSDVWHXUL]HG0LON$&RQWLQXHG3XEOLF
+HDOWK7KUHDW&OLQLFDO,QIHFWLRXV'LVHDVHV9RO1RSS
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'HWHUPLQDWLRQRI/DEHOHG)DWW\$FLGV&RQWHQWLQ0LON3URGXFWVDQG,QIDQW)RUPXOD
&DSLOODU\*DV&KURPDWRJUDSK\2IILFLDO0HWKRG)LUVW$FWLRQ
$U\DO.3 &KDXGKDU\ 3 3DQGLW 6 DQG 6KDUPD *  &RQVXPHUV¶ZLOOLQJQHVV WR SD\ IRU
RUJDQLFSURGXFWVDFDVH IURP.DWKPDQGXYDOOH\-RXUQDORI$JULFXOWXUHDQG(QYLURQPHQW
9RO1RSS
%HOHLWHV&DQG6HUJR9&KHPRPHWULFDQDO\VLVRIVSHFWURVFRSLFGDWDLQ5K\SHU6SHFWK
:RUNVKRS )7,5 6SHFWURVFRS\ LQ 0LFURELRORJLFDO DQG 0HGLFDO 'LDJQRVWLF 5REHUW .RFK
,QVWLWXWH
%XVDWR$7UDFKVHO36FKlOOLEDXP0DQG%OXP-:8GGHUKHDOWKDQGULVNIDFWRUVIRU
VXEFOLQLFDOPDVWLWLV LQRUJDQLFGDLU\ IDUPV LQ6ZLW]HUODQG3UHYHQWLYH9HWHULQDU\0HGLFLQH
9RO1R±SS
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